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(57) Abstract 

By analyzing a mechanism of the expression of cyclin-CDK inhibitory factor having a proliferation inhibitory effect (carcinostatic 
effect) induced by a histone deacetylase inhibitor (Trichostatin A), it is found out that binding of Sp3 to the Spl binding sequence contained 
in a promoter is important in the expression of the above factor. Thus, a novel antitumor agent can be developed by screening a drug capable 
of elevating the Sp3 activity. 
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mmm 

mm 

nun* -ti-Xkizmmt* sp3 * >'i?n*m#)t vtzifmrnMoz? v -- 
m m 

*^>A (Trichostatin A; WT TSA £B&t")(Sugita K et al. (1992). Cane 
er Res., 52, 168-172)^5 X t>* trapoxin (Itazaki H et al. (1990). J. Antibi 
ot., 43, 1524-1532)* £fc> JJ^ftfc&fl&£WTS^fl£ UT#8!£ftfco V 

*>*c:ne>©^s(ix Kits &ifMMmm<D&±t>mm?z>o i^i^ecn 
^(Dmn^^z^x^(DXo^WMm^fj<tMt^mxh^rzo 

££#x.«DftTU£o mm. TSAfcitf trapoxin fc*. inll*rStt^^sgfi)e> 
tlfc©i:|B|^CDiiJ^{;^V>T, HDACr£ft£PI^-fS(Yoshida et al., 1990, J. 
Biol. Chem., 265:17174-17179; Kijima M et al., 1993, J. Biol. Chem., 26 
8, 22429-22435) 0 .Mtc3Ma£*vt«9> < fclJlfciu h>i5<t^t^ 

&®$J£3lfcLT^-5di:£^i®bT^6(Wolffe AP and Pruss D. (1996). Ce 
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11, 84, 817-819. Wade PA et al. (1997). TIBS, 22, 128-132; Pazin MJ and 
Kadonaga JT. (1997). Cell, 89, 325-328; Struhl K. (1998). Genes Dev., 12, 
599-606; Kuo MH and Allis CD. (1998). Bioessays, 20, 615-626) 0 ^<£>te 

©HDACO^D-r.>^te^«nWH^ mWWUm®? & HDAC 
TZ>Z.£i?t>Wo\ffe AP. (1997). Nature, 387, 16-17). HDAC £*$k¥$P$iJ££ 

^xitrngftmizmtzLx^zzt izwhfrhizixztzamm mm 
mwimmft&ZTfitzttxb, hdac&. %<Dmfc?mtaimfeMm<D&± j p 

WDePinho RA. (1998). Nature, 391, 533-536 ) 0 

mMtlsXbftmrzmmi-hVQJ* (sodium butyrate) &&&&&&& 

xv -4 ? u >-mmmm*(fko)MmmmmB®?)x$>z P 2i/wAFi/ci P i v>% 

m&mmtZZt%m.WLtz(mano K et al. (1997). J. Biol. Chem., 272, 
22199-22206) o £ £ C & (i. sodium butyrate TSA <DMW Spl *g£E 
«l*^bTx p21/WAFl/Cipliife^7-D^-^-^TSmb^-a-i)-i:*»^t^ 
(Sowa Y et al. (1997). Biochem. Biophys. Res. Comm., 241, 142-150) o » 
p21/WAFl/Cipl ro^-*-©Splig£-g|${4liTGF-£. phorbol 
ester, okadaic acid, progesterone #>5U(igeranylgeranyl-transferase I 

mmm ggti-298 t j; a P 2i/wAFi/cipi mmvmzbm^t t&fr*m££ 

ftTU5(Datto MB et al. (1995). J. Biol. Chem., 270, 28623-28628; Biggs 
JR et al. (1996) J. Biol. Chem., 271, 901-906; Adnane J et al. (1998) M 
ol. Cell. Biol., 18, 6962-6970; Owen GI et al. (1998). J. Biol. Chem., 2 
73, 10696-10701)„ £ft<b©?*>. TGF-0 * GGTI-298 fct Spl 
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TZZUzX *), $fc> progesterone to^TtiSpliJJ:tfCBP/p300 S^UT 
pZimVWnUWZmmtZZtffmSZftX^Zili JMet al. (1998). 
Nucleic Acids Res., 26, 2449-2456; Owen GI et al. (1998). J. Biol. Chen., 
273, 10696-10701 )„ 

c:ne>0«£tiu spi s^tfct^ Y>T*?Mmmv>mmb\z&%wm 

T-fe S N-CoR fc«fcrjf SMRT #Mftig¥H^ f^£"f S C 1 1 «fc 0 DNA U^^SW 
£3£¥£lM&Jt3C£j^££ftT^£(Horlein AJ et al. (1995). Nature, 3 
77, 397-404; Kurokawa R et al. (1995). Nature, 377, 451-454.; Chen JD an 
d Evans RM. (1995). Nature, 377, 454-457) c £tz, cne>©B^(i^t: HD 

6(Pazin MJ and Kadonaga JT. (1997). Cell, 89, 325-328; Heinzel T et al. 
(1997). Nature, 387, 43-48; Alland L et al. (1997) Nature, 387, 49-55) D 
HP&KU promyelocytic leukemia $> 5 l^li promyelocytic leukemia zinc-finge 

r 9 >/wnt. -r >m&®i*(Dm&* w^HSffl^fctftitJtp&fcJu hdac 

(D&&ti s mwm®nz.&m-Z$>Z> Z £&m£nT^Z(lin RJ et al. (1998). Nat 
ure, 391, 811-814; Grignani F et al. (1998). Nature, 391, 815-818; He LZ 
et al. (1998). Nature Genet., 18, 126-135), PHt© HDAC ZfrLtc DNAiBfll 
ftgttfc&^mWBIttMyc/Mad/Max (Hassig C et al. (1997). Cell, 89, 34 
1-347; Laherty CD et al. (1997). Cell, 89, 349-356 )> E2F/Rb (Brehm A et 
al. (1998). Nature, 391, 597-601; Magnaghi-Jaulin L et al. (1998). Natur 
e, 391, 601-605; Luo RX et al. (1998). Cell, 92, 463-473)$>SI^(£ DNA t 
^;Hb(Nan X et al. (1998). Nature, 393, 386-389; Jones PL et al. (1998). 
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Nature Genet., 19, 187-191 LfrUfctfeK 

s P i &&muz&&ifez -Dftntomwm* *p\ hdac mmt & zmmmMtis 

So 

*«W#e>ttx inBMK»££^U * HDAC HS^Jt LXtobtiX^Z TSA 
*p\ p21/WAFl/Cipl Spl «teE«|*fl-LTiSttfli1-3c:i:fc*£ 

LTl*S (Nakano K et al.(1997). J. Biol. chem. ,272, 22199-22206. Sowa et 
al. (1997). Biochem.Biophys.Res.Comm., 241, 142-150) 0 #3gB#&e>fct d©TS 
AJM*fcjfc«Lfc p21/WAFl/Cipl ro^-^-©fSttflsfc*tt*^^;ufi«fc 

*£T% *^Di#e>{ix TSA(z £ fcSp21/WAFl/Cipl 7*D^-^-©rStt 

ffi«J©y;i/S/7 r-Ty-fe-f fc«fc D&sitU p21/WAFl/Cipl ^-*-<D Spl 
£BB?'J£{±Spl:fc c k7JSp3 (Lania L et al. (1997). Int. J. Biochem. Cell B 
iol., 29, 1313-1323) tfit&^LTOSC tZWbfrt Ltzo 

$Ltz, **6HI#*>tt, p21/WAFl/Cipl 7u*-*?-t\m^ GAL4ijg^gg5U«c 
&&\Zfemt$hZ)li'7x5-V&B?ZUX-*-kLTm^tzTy*'(m 
13 J; D Spl fccfctf Sp3 ©«fl&0tft&*m\ GAL4 i: Sp3 w^R"C» 
S GAL4-Sp3 0#£TT-& TSA £ <fc £ V -itfc^©*^8l*;Wtgc: *Jtp\ G 
AL4 Spl cDik£* GAL4-Spl fcttCICDftffltf&^CI £:£BJ3*>fr 

^-T yizZffiftft&t&Vfr* 5 > «J yf- (glutamine-rich) M 
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SCt!3, TSA tc J; S P 21/WAF1/Cipl 7o^-*-£ £tf Spl lg£fie?iJiSttfb7" 

dne>IS*J±s TSACiS p21/WAFl/Cipl (Dte¥rSM(l Sp3 #H4LT^3 
Ch^TOf?)4)©T-$>0> £<b(3 N Sp3%«Wfcl/-CtnJI*ffJO^^U--> 
^A»RlSi7?»4c:i:*^i«-r*4)©Tf»5o <fc D$l£<*ixfc, GAL4 

(1) tftm*«s^f j-->^-rs^-e»o-c^ 

(a) (i) Sp3^>;^K©S¥rS^b^>&^-r?)?I^ctrjpffl^>^^ 
£^tfsg-<7)^*-v (ii) Kg«*>^*R©*S£iBfll&^x IS 

(b) wmizKL. temmzmmz-tt. misx-t-rmzmfetzzm, 

(c) tttftK»«»«0Bg^%tt$««o«^ Mm) ttm\,x, t&\s*—t? 

(2) 8«*W^fl#GAL4*W^St> LexA*>M*W, tfcii^h^it 
-f * U > 'J 7*1/ y -tf--* >^^H"e*Sx ( 1 ) £sBtt©£i£, 
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(3) l/^-:?-SfeTOy7x7- b\ i7D7A7x-^-;i/7-b-^;Vh 

;i/*'Jt^7 7^- e^n-H1-2), (1) (2) t;:iatt©£i2u 

(4) Sp3 ZfttZU^fZ&ZfeMtZib&WZftMf&ftttZtfMlMffls 

(5) (1) *»e> (3) ©^"fn<pt:iB«©^^U-->^t:J:»)WL-5Ss 

(4) iztmcDtmmnk tmtZo 

tmm&Tfi S P 3 ©|£¥i£M K ^ -f >tt. p21/WAFl/Cip 7"Dt- 

^-fre,©te¥*±#*-&5f^ffl*#t-So p21/WAFl/Cip (i^lflSiiW^J^ 

^bt^D, swftfli * £-f s d t ^ ^ s tsa ic «»: o $gsa#±#-r s 

itfc«$>£o P 21/WAF1/Cip©^ii> tSWIj»JRfc«V^M3li<l»»*« 

HDAC M#JK:«k»)s Spl ^BB^J*^bT^l^n?.-J:^7lie.ixTV>So 
*^(wct tK C© Spl *££B3l*rt-bfefe¥»SfcBu S P 3 

h^^ntiiifre, s P 3 tsctcio SBBaosmii^&iflJ 

*mn<otmmmox? ^shu ckdj^k sp3 ^TSAfij&Ccta 
fmm^o)^m<D^ n-frG&tzw^-rz ti^, mm^n 

fc^£#Jffl bfc S P 3 ©fe^rStt^m^^ TSA © <fc 9 &l*M*^£^-!Hb'& 

*HBj©x^u-->^^©matt, fiiT©c:fc<-e»s. sp3^> 
/ ^ ifc¥rSM& s * -r * ras <t tmn * > * * s© dna m * % 

&t$,*<atsM&* W^Kft=»- K-f* DNA £&&nJlilt;:^ifg§-tf)^ 

tift -r s «a«»i»y* <t tF*©T*t:*ifeWK:tg^* tifc u * -ate? * 
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* >/^H**© DNA H&mS&lt UT*-0'<^^-±0«3B«lfP«*tHS^ 

*«W©^^U-->^»tt, (a) (i) Sp3*w<*«©*g¥iS 
*W^K4:a->**SDNA&«^fi&fc#tr&-©'<#*--N mmz (ii) 

-co^^-s s^tsiss^s^tsm (b) imsmu mm 
m&mmzit, m\/*-*-fe&*Mfc*z>x-M> (c) M^sittt 

©aM5fc7D*-*-©T«tfcif A^nts^ g?e*#*-t±. i&i»«Mia-s>»s 
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So 

u^m'&im^Mth^mt lx\±. izK%\\mz^Lxw^mmt\,o zm® 
s-rs h-n^trit^* s P i t£&mmzi&£T sfc 

«>*?3;L<&^o t r Sp3*W^fte&ftfcj: N L < (2 2 glutamine-r 
ich^M (7$ y$? 10-123 £cfct>'T^yg? 223-358) £*:&;£ 
Zinc finger {T I 7 18495 fr<b 517, 525fre>547, ££^555 
575) ®'J>#< £*>-g|5£^g;&(,N (Chris, K. et al., 1992, J. Biol. C 
hem., 12: 4251-4261) 0 S P 3 * W^HtfE&iTr S^atcMfi^^o mt 
fcf, t b^TOl&$!d3£©Sp3* Wl^ft, ^©fl!i©£#ffi© Sp3 * W^ff£ 

Mftttfclis i3t^Lfc, t h Sp3 ^>^S©7? y^K^iJ© 1 #6 398 
{4©*gJ& 81 398 Gz©^ 161 fr?> 398 <&<Df®«E. 1 320 tt©^ 
1 240$©^ 1 160fi©^**^fc:jbUAT$fii^|iJffl-rSCli: 

Hii&Uo #Ufcf, GAL4*W<*R, LexA*W**R (Gyuris, J. et al., 19 
93, Cell, 75: 791-803) N ^r^-tM^'J^ 'j7U«yt- *Wi?R(TetR) 
(Manfred, G. et al., 1992, Proc. Natl. Acad. Sci. USA, 89: 5547-5551) 
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?M(DmAm-&mz%Tz>m®tLx&, mz.&, gal4*w^«©dna*££ 

M-f >(m&Ti- ygM~94, Ztzti 1-147) , LexA* Wi*ft©DNA*S£ 
h*;W> (^J^«T^ 1-202) (Erica, A. et al., 1992, Mol. Cell. Bi 
ol., 12: 3006-3014) N x h vit-f ? 'J > *W?*ff(TetR)© 
DNA&& M-T> (Manfred, G. et al., 1992, Proc. Natl. Acad. Sci. USA, 
89: 5547-5551) & ££^tf^7^ b* #W %tlZ> tK in?)CW^U„ 

zmrt'&tiimizfflmtte^o m*.^ iii£*w^w#gal4 dna*s£h$ 

%^tsm-&s &-&%mtLT&. Mz.t£ r 5' -cggasgacwgtcstccg-3' ; s=c^; 
(ig, w=a$fc(±tj (Mannorstein, R. et al., 1992, Nature 356:408-414) 

J'lJtLTJis #'J;itef r 5' -ctgtnnnnnnnnacag-3' ; n=a N t> g, $.tzlt cj (Erica, 
A. et al., 1992, Mol. Cell. Biol., 12: 3006-3014) tfimihtlZo £tz, 
m-&*>^?m&Tt7yj>7*)> *>;^JC(Tet R)©DNAi^ 

£Mf >£^tfi§£K &£nmtLX&. 0"Jx.(i <"5'-tccctatcagtgatagaga-3 
'j (Manfred, G. et al., 1992, Proc. Natl. Acad. Sci. USA, 89: 5547-555 
1) 1*m-f htlZo 

^tz^izi*, >^?n<D<mizfo& Ltz u^-^-tst4^m^ns 
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cau m&Guwxn-^ (mtk tatak^ Kozakg^jfc 

GAL4* 7 W©DNAifc££K;< -f>£/fll m-O^tt-tm^bti 
«fc W TATA iB^J&^tf DNA ffi*l ftffl S £ i: g 5, 

«eT»fttt#fc0jistt&v^ y — if x** >«?«f * if©«jtft»ff 

>^x5- tf(CAT)itfe^ /8-#7 7 h*>y~ if (^-Gal) b hfi&fi 

*;i^>(hGH)iHK3\ ^aST-;!/* 'J r^-Hf (SEAPjafi^ft^W 
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^tr) , iftfe^-f T^U-, mBT^j 77>)-0)%MMW), £$^7*^K© 

7^f77u- «am^ MM%m±m. ««»^77'j- 

©«f*pN©#A (itfe^HAfc^tr) &£©£iretT?c 

?ftfflv^fc»^cii % iWIIBJiliiB*t:;i/5/7x7— e©3S»ftiP>ts »*£JfcfcJ: 

^-itfe^ilbT CATififrFSffiUfcfc^fctJU auaamtt+©CATfi*ln;CAT 
ln;(*:?&ffl^feELISA^{c«t Otftm-rS-h^-C^So fi-iS5 9 |->*r~t?i|fc 
^£fflV>fct§££&, IfflMffiaiK hS/y-4?©*R*iPit, aims 

>(hGH)itfc? Sfflv>fc»fcfcfcJU iiWg*^*© hGH Mfcfcx hGH tm 
4ffll>fcELISA^fc«fc0tftm-rSCli:*»T-#-5o £fc> ^l7i^'J*^77 
e(SEAP)jife^4fflv>fe®^{c:tt, |fflKrtl#iftt:7 , ;i/* y**7r*— tf© 

f&Jr5fc£^©&*ii:&So 

fcfcfllifc^T, iSll«a*K:iiarSTSA*>e.©2/^^;i/fe^tj3^Tx Sp 
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£©j:-5fcsp3istt£re«f5'fc£fcfcUTfciu «*©ttffi^*;rts*>©# 

t-s^PKfffliuriBHKWfc Sp3©*i6*flgji"r**>©x sp3©dna -%©&£& 
■ e>c^tssiST?©sjt&t:Ri#-rs^ w^n»(cf^ffl-r5t© N sp3 t hdac 

t©ffi2ffffl£Mt 3*©^ HDAC©*St$£|lg-f £&©s Spl ©*St&£HS-r 
£*>©#^g;*iS. 0 £©J:"5ftfli£»HU ±I3©*^b^©x^ ■J-^>^{c < fct) 

*8w© sp3 fc*-r*iE¥ratt*«e*rsfc£4Mk £$8ffl©iM£fc:?ifflRii& 

fc#*6ii?>„ Sp3^^Lfcp21/WAFl/Cipl©^g|#y: p53 #flc#W 
T'&S C -fc £k p53 C*H$ fel±^ft^oMfc*f LT t> fcfflT? § 5 £ 

%k>m, mmm, nmm&m. ^m^tmsm^t>^x9mit^x» 

fSCt^nJUgT'^So aft^** t DMAt:«fct)3-K*n-55*©'T?sfen 
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m 1 mm&ft(D p2i/wAFi/ci P i 7u^-?-\miuz.mtz spi 
^ospi*j:vsp3©ig^*^-rfiai»»3f»i?*So mmmi^-> 5-9) 

&jLV*mm(\s-> l-4)©MG63«lllia^«SmMK:TEMSA*ffofeo TSAtfc#t$ 
©ro^-^HSttfcfcARfc Spl *££Sa?iJ D -87—72)4 DNA 7 

D-ytbtzo Kfcttt S7-^-i/7 b7 > y*^£ttSpltrtft(l/-> 

2, 4, 6 *fc{± 8)jfcSUttttSp3tft(*:(b-> 3, 4, 7 8)*fflVvCfro 
feo Spl ii.fctfSpS©/^ K©ffig%0£Kl^Lfeo 

Sp3fcI«tSTSA«c#t4©te^SI#S^-ro 2.5//g© GAL4-Spl fc£>l^ 
&GAL4-Sp3 7-7;U Kfc 0.5*ig©pG5-luc Utf-^-7-^yU b'£MG63ijfflfiS 
tC^lC h7>77i^'>3>U;, 24B^^HTSA (500 ng/nl)£jbD*.x £ «=> 
(3 24 ra&£«£$8¥ LX)W> 7i7 — tf r£tt£$J£ L fc„ TSA £ «fc 
»#ttTSA*jW»©»fiHfi(i:OifC^Ufco H»tt3JlTffTl^ ^bfe^-^tt 

EI3HU Sp3 © glutamine-rich M * >£^*S TSAtt#tS©te¥»***^ 
"To SttGAL4-Sp3©^«^>/^H©IB5U$^fc:^Ufco £tz, 

MG63fflflafc*S£-&fcl$© TSA fc«fc Ste¥»#©.SJ£*EI£C*ft*ft 
TfsUfeo h7>^7x^S/3>*«ta t TSAJM»«4BI2i:lflttKfirofe 0 ^)»3 

B4Bu h*5^-> h*#7^ 7Sp3(ictS TSAflc#t£©p21/WAFl/Cipl 7n^ 
-*-&S^ttSpl 7D*-*HE¥»3*©m9**-r. 0> 1.25. 2.5*ife(i5. 
0j/g©pCMV-DNSp3£, *r«8©pCMV3.1 $Mt777^ h**^lt 5.0/ig tC 
iSU 0.5//g©l/tf-*-777 = F £BII$£HG63Jffll3£ h^>77x7 > 
3>Lfco l/tf-*-7^7^ HCttpWWP (a), pWPdel-BstXI (bK Spl-luc 
(c)*5v>{imtSpl-luc (d)Sffl^fco h 5 >7 7 x7 i/3 TSA«li 
B2tra»fcfTofco i»tt3Ifm\ 3@©^»©^*«ftlS**^Ufc, 
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%w & mm* z fe mMMmm 
jut, *mi*wm\z&t)mtmizm%?%tt. *%mt>z.ti*>$&m\z® 

mm i ] p2i/wAn/cipi 7*0^-^-0 spi ag^ij?ij©y;i/S/7 v-??* 

TSA tt p21/WAFl/Cipl *is*07D t-^HBafc^JSErS Spl Ig^ffiWft^ 

lt, p53*«#ttt P 2i/wAPi/cipiaie?©(E^ftiji?i-rso 

— 72 bp ft p21/WAFl/Cipl 7a-7t LTWTOcfc "5 C UT^^>7 hTy-fe 
-Y (Elctrophoretic mobility shift assay; EMSA) M<fc Sijg-g-^ >M?geD8¥ 

( 1 - 1 ) ct t^Mttai^©^ 

£"f MG63*BIIi§£, lOX^fl&ff Jfilff (GIBCO BRL)ft^tf DMEMl^Jfe(GIBCO BRL)£ 
fflWC, 535 C0,*MiHfe{tTN 37°C£TtgitLfco Z.<Dmm<Dmi&&m*, Dign 
am 6©#*£(Dignam JD et al. (1983). Nucleic Acids Res., 11, 1475-1489) 

izm\ mmm&±v*mmmx.t)m$iLrzo *1\ 74 ^>o.<ioo mm)tc 

%mLtzMV&Z 500 ng/jol <D TSA («^ttH)"C 24B#HH >*a^- h LfcSL 
0.5 mM 4-(2-aminoethyl)benzenesulfonyl f luoreide • HC1 (p-ABSF) (fflftttg) 
ft^tf^PBST'2|il^U 74 ^^a^OS^IRoT. lOmMKCk 1.5 mM Mg 
Cl 2 , 0.5 mM DTT, 5 mM NaF, 5 mM NaV0 4 , 0.5 mM p-ABSF ft^tf 10 mM Hepes/K 
0Httff»(pH7.9)t:«»Ufco *±T* 10#|iafllL*:gL ^^>^S*^^^- 
4ir-*m^xmMZfflfcLtzo 3,000 rpm, lOtffS, 4^CT*j§i|>©& x $£400 
mM NaCK 1.5 mM MgCl 2 x 25% glycerols 0.1 mM EDTA> lmM DTTs 5mM NaF^ 5 m 
M NaV0 4 , 0.5 mM p-ABSF ft^tf 20 mM Hepes/KOH $ISrffl(pH7. 9 ) HHSSiS 
4°CHT60#iI88i#, *J*#*8ajLfc. %0®m&* 35,000 rpm, 30#fta, 
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4t-ca»ou z<D±m*&totiim£\sZ®i$iLtzo nzntzmmmz. 400 m 

M KCK 20% glycerol, 0.1 mM EDTA, 1 mM DTT> 5 nM NaF, 5 mM NaV0 4 , 0.5 mM 
P -ABSF£^tf20 mM Hepes/K0HifcgSjf£(pH7.9Kc*t LtM *frV\ -80°C(C^ 

(1-2) y;^>7 hTy-b'f (EMSA) 

fcfc, P 21/WAF1/Cipl mfe?<Dm^M1fc&£ t) -87— 72 bp 5 TSA& 

^(DT-D^-^-iB^KS'-CGGGTCCCGCCTCCTT-SVIHyj^ : 1 
33 £ 1/ K (5' -AGCTCGGGTCCCGCCTCCTT-3' /IB?U#^ : 2 > ftitF? -TCGAAA 
GGAGGCGGGACCCG-37E9J« : 3)ft£rtU 7r-;^, [c*- 33 P] dCTP N Kle 
now Fragment (TAKARA) £fflV>T DNA S^^WU DNA ^P-^i: bfco 

±f30&fftffir«(8jug)£ 20// 1 ©SJfo&(8 mM Tris/HCl (pH7.9K 24 mM Hepes/ 
KC1 (pH7.9K 120 mM KCK 24% glycerol, 2 mM EDTA, 2 mM DTT, 1 mg poly (d 
I-dOtPharmacia))^^ >+a^-Mm 33 P ^^OlLtc DNA 7*o 

-7*UbrSt$ 50,000 cpa///l)SiD^X$e>^20^raie^SJ(BSffofeo Se*>\ 
&$©ffi#fc<fcS7--^--S/7 h<Dm®X-&s ^?>(c2//g©inSplfeSV>ttl 
*/ginSp3 tftfMSanta Cruz, sc-59X and sc-644X)^A0^.T 20 3^ >*a^. 
-ML £Jfc«S6XT* KflVl/fcTiM&U BAS 2000 (Fujix)£ffl 

l^T p21/WAFl/Cipl ro-^tlS^f W^RftfcHi L-fco 
(1-3) «SJR 

TSAJW«*J:V*j|Bja©MG63«J|8lJ; t)H»L^»imtt& p21/WAFl/Cipl 7* 
>*>KiW*ai«**lfc(Hl, lfc<fctf5)o o^T\ ttSpl&£V>maSp3tfL#£ 
ttSplffitttcJ:D±ffll©n> K©-gB, fitSp3ttf*:T?±ffllO^> KcD— gBi;Tffld 
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(97 kDa) t&ft? (60 kDa t 65 kDa) © Sp3 * >/V7 
ft£(Gustav H. et al. 1994, EMBO J., 13, 3843-3851; Addanki P. B. et al. 

1997, Nucleic Acids Res., 25, 2012-2019), Ife^t, MG63 «HS©a«Hffi 
mz.ft&-?% Spl £ £11 Sp3 #fl|5££ P 21/WAF1/Cipl © Spl *§£gMfch*§£-r£ 

spi #&vw&mfcft&(»mwmmzm*tzzttPm®2 

tltzo dne,©^mttWBU©*^B^#e>©IB^(Nakano K et al. (1997). J. Bi 
ol. Chen., 272, 221 99-22206 )£ J: ^©^--^©^(Datto MB et al. (19 
95). J. Biol. Chem., 270, 28623-28628; Adnane J et al. (1998) Mol. Cell. 
Biol., 18, 6962-6970)^ tfeo Lfrisfttfib. TSA £ £ S$!lSS©W#ft£<fc 
0 Spl£<fctf Sp3©DNA^M£liM#^to£ftfcfrofc(01)o Z(DZti?^>. 
TSAtf<#t4©«E¥^#fcfc Spl &£^fct Sp3 ©$gglfi&£^fcJ: DNAg£^t&©£fbW 
ft©^t3j;£*>©£jf?l&£*ifco cntt(SlD< HDACEl«8iJT*&£sodiui but 
yrate£fflOfc*^#e>©$a£(Nakano K et al. (1997). J. Biol. Chen., 2 
72 , 22199-22206 «c#t*©fe¥H#*^fc Datto e>©38£(Datto 
MB et al. (1995). J. Biol. Chen., 270 , 28623-28628) t-WLVtzft, geranyl 
geranyl -transferase 1 F!g#J£fflV , >/r Adnane e>©$B&(Adnane J et al. (199 
8) Mol. Cell. Biol., 18, 6962-6970) illiP* So 

[nMM2) GAUi££g2?iJ£ffl^fcbtf-*-:Py-tM 

TSAfciu p21/WAFl/Cipl 7-p^-*-© Spl ^K^JStY LXfc'ZmmZteZ 
tOtmtiUZ, SV40 7'P^-^-t3^ALfe=i>-fe>-!tXJ5c3xSpl ^E^JS 
^rUT4)te^#^^C-rci:tf-e^S(Sowa Y et al. (1997). Biochem. Biop 
hys. Res. Conn., 241, 142-150) o *dT% C© Spl *££ie?!l£*6-&#^©e>ft 
Ac Spl S P 3 #fl|Sg£ TSAifillS({w J;Si|£¥^#i3g|-^-r5*»^^^*> GA 

L4^i^5lJ4ffl^^fc^'^<-^-7^•fe^'^T*^i^bfco t*t>*>. s P i^sp3© 
-^-i:UTffl^-c*)Wat4©spi$)?)iN(±sp3©^ffls^mutofc«)> w 
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7- »J TO) GAL4 * W**R© DNA*££ M -Y > i: Spl &£IM± Sp3 t(DM^9 > 

n&m®mmt< ^ gal4 &£ia^j&£tt<ofc¥rSft# tsa T-i£#£ n a & 

£?*J\ ^©^tfSpl t Sp3m^?tiT'fflffl$tiZ(Dti>ZfmfrLtco 

( 2 - 1 ) p-fcJitf U*-*-77* < K 

GA14 * >M * Jf <D DNA l££ H ^ -1* >© C £Jgjffilc: Spl ( T =• J $? 83-778), 
±HSp3 (7^ygH~653h ^¥rStt<bK^^r>^Spl (T =• yg? 592-778) 

(DNSpl) fcitm^ttfbM'f >*&Sp3 (TX 7® 399-653) (DNSp3) £ 

^*-(Clontech)(3&Jt£^£#AU pM-SpK pM-S P 3. pM-DNSpl £<fctfpM- 
DNSp3£ffr&Ufco : &SpliJcttJ f Sp3ii^(iPCRfi6(zJ:0iii|etfe o Uttfafc 
fciu pM-Spl Spl-S7^v- (5'-acaggtgagcttga-37SB?!l#*f : 

4) ^.fctfSpl-AST*^ v- (5'-tcagaagccattgcc-37iB?!J#^ : 5) 

T> pPacSpl SH^tcL-ClftiSfTot (Kadonaga, J.T. et al., 1987, Cell, 

51: 1079-1090) 0 pM-DNSpl (DftmUZ, DNSpl-S 7^4 V- (5'-ccaaaaaagaa 
gagaaaggtaacccggcgg-3'/iB^JS^ : 6) ^.fctf DNSpl -AS 7*^-f v— (5'-gaagc 
atgcacctgc-37IB3Wf : 7) £fflUT> pM-Spl fttlSt UTiSMlSfif ofc (K 
adonaga, J.T. et al., 1987, Cell, 51: 1079-1090) o pM-Sp3 ©ft^tctiu Sp 
3-18F7-7-YV- (5'-cgggatccattccaagtgctgct-3'/ia^J« : 8) £cfctfSp3- 
2Rr^-fx'— (5' -ataggatccttactccattgtctcatttcc-3' /IB^'JS^ : 9) 
Xs Marathon-Ready cDNA (Human Fetal Liver) (Clontech, Cat. #7403-1) £ 
m$HzLXmm*fi-3tz (Chris, K. et al., 1992, J. Biol. Chem., 12: 425 
1-4261) o pM-DNSp3©^M(wtt, Sp3-11F v- (5' -cgggatccaactctataga 
ttctgct-37SB#J#^ : 10) *5«fc^Sp3-2R r^-fv- (IB?[|#^ : 9) ^ffl^Tx 
pM-Sp3£l§SJlcUTiili£fTofc (Chris, K. et al., 1992, J. Biol. Chem., 

12: 4251-4261) . PCROJSJfofciU ±X «"94°C 1 #\ 55^30 72 o C30?J>j £ 
Wy-JtJUDgiftXftitco PCR^liM^tt pM^^^-(C^AU DNA $/— 
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ABI PRISM 355 (Applied Bio System)(c £ 9ifi£&*l©teR*fro;fc. 
h7>X7i^>a >tm<»m tLXl* GAL4 DNA *g£ M 4" ><DfrZ%M? 

5-luc) fclttt, 5xGAL4*S£iB?iJ> ElB«<J>7P*-*-:i3*tf TATAE*J4* 
^7x5-— t?iH£^©±$St£Jf ALfc pGL3-Basic Vector (Promega)£flH^o 
(2-2) h7>77l^>>3>7^^ 

Spl»5Mt±Sp3 0&8CAU»^^>-'^H*3-K'rS±iafBS'<^^- 

ftl*o±IB'<**— i: fcfcfcs SuperFect fcfflUfc QIAGEN ttfflSSCfot MG6 
3WCh7>^7i7Hf;. tfcfc-fcx 12ft:7^-b£0.8xlO s ffl/well© 
IUB&&$x 24l$lfB&C> $>e>3&»D»0.5A/g©U^-^-^^5 r\ 2.5/ig 
0«8^^^-«J;V SuperFect £*I£bfcKJfctt* MG63 UT 2B$ 

HKJfcS-H-fco 5IS«E&ii*©«#*f j f : T-C24«?iai*#U 500 ng/ral©TSA 

7^7— tf^(Promega)^fflUT;i/^>7x^— tffgtt* LB-96P (Berthold)f 
fliJ£Lfco iW^«ittPI-^>^^a^fct)OfSttC«l»bTmt. TSA C J: 3ft 
^BWttTSA*M*ffiT©a«H*i:©tfc (TSA fcJ;SJSttfc«MO tLTtrgLfco 
(2-3) ^ 

*©*S3t^ TSA3feJW*©tt«"C* GAL4-Spl £J:tfGAL4-Sp3 h*>£¥T£tx£^ 

hi«g<*ftfco TSATttJ*UfcHK:tt* GAL4-Sp3 4«|**fellR 

tt«W3&;i/2/7 x7--B*e^©te¥»#f^ffl3&«S6nfe©fc:*fU GAL4-Spl 

fc«iirctt*MB© gal4 fci^uiRi'&©Jt?iu*»K«>?)n^ipofc(ia 

2) 0 ±|2LfcN*Jgffl©e^rSMh*/^>^^tAcSplfeS^tt 
Sp3 t GAL4 © DNA£££ M -f > £©H-&* >;^K£-^Tl5jJi©ffcW£fT-3 
GAL4-DNSp3 4) (±^> TSA flcfiM4©*s^»#ftffi fc*-f £ « * * 
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[fUfctt 3 ] S P 3 (D TSA jfe£ft!ftZ>ft£ 

Sp3©TSAft5«rfS«*^"r5B«Tx GAL4 © DNA ^ M-f >fc» 
^L/fc^l^©Sp3^^^P^*:$fflV^fc^^-^-T«y•fe^=&^fofco 3:1% pM-S 
p3 (1-398), pM-Sp3 (81-398), pM-Sp3 (161-398), pM-Sp3 (241-398), pM-Sp3 
(1-80), pM-Sp3 (1-160), pM-Sp3 ( l-240)*5cfc tF pM-Sp3 (l-320)£m# Lfc 0 

ttPCRiStiiJltMLfcas pH"C**-fc:J¥AU DNAv-^>1t-ABI PRISM 
355 (Applied Bio System )lc £ DJSSISm)fii^£fTofco &£, PCRi£c£J;5 
iifliKffli^r^ v-ifi9!|£g| 1 ti^To PCR tttlSt PM-Sp3 rg 
m5» 4 65°C2#, 74°C30#j & 25 "b"^ ofc 0 
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mi 



pH-Sp3( 1-398) 
Sp3-18F 

(5' -cgggatccattccaagtgctgct-3' /IB^J#^ : 8) 
Sp3(l 194-1 177)AS + BamHI 
(5'-gcggatcccactgtaactgtttgtag-37I^J§^ : 11) 
pM-Sp3 (81-398) 

Sp3(241-260) S + BamHI 

(5'-cgggatccggctctaatcaaaccttact-37l2#J#*t : 12) 
Sp3(1194-1177)AS + BanHI (E#J« : 11) 
pM-Sp3 (161-398) 

Sp3(481-500) S + BanHI 

(5'-cgggatccggcattaatgccgacggaca-3VIB£!J#-^ : 13) 
Sp3(1194-1177)AS + BanHI (E?!J« : 11) 
pM-Sp3 (241-398) 

Sp3( 721-740) S + BanHI; 

(5'-cgggatcccagggaaattatatccagtc-3'/K^J#^ : 14) 
Sp3(1194-1177)AS + BanHI (E?!l#^ : 11) 
pM-Sp3 (1-80) 

Sp3-18F (E3Wf : 8) 
Sp3( 240-221 )AS + BanHI 

(5'-cgggatccaggaatgatctgaatttgac-3'/I23?!J#^ : 15) 
pH-Sp3 (1-160) 

Sp3-18F m&m^ : 8) 
Sp3( 480-46 1)AS + BanHI 

(5'-cgggatcctgcagtcattgtctgagaac-3ViB^J#^ : 16) 
pM-Sp3 (1-240) 

Sp3-18F (iE3Wf:8) 
Sp3( 720-701 )AS + BanHI 

(5 , -cgggatccaagatctgaagaatgaacct-3'/8B^ , J#^ : 17) 
pM-Sp3 (1-320) 

Sp3-18F m^m^ : 8) 
Sp3( 960-941 )AS + BanHI 

(5'-cgggatccaaaggttccaggattcagct-3'/SB^J#-^ : 18) 
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^>77i^-> 3 >Wmv>Mmt LT& GAL4 DNA tiGYAJ ><Dfr*&m 
(pG5-luc) tUTlix ±MC0 pGL3-Basic Vector (PromegaJSffli^fco 

±.&tm&(Dj5mz&K) r^>*7x^> 3 >£fr 

feo *<D&%k, Sp3 CD DNA M -f- > fcfcjfe Lfc GAL4-Sp3 ( l-398)O^T' *> T 
SA«c^©te¥il#^jec: 0, ^©gl^ii GAL4-Sp3 <fc D tr U3&V^<DT'ifco 
fc(0 3 )„ dtUiftKj&^fc N *«MWOts^fi6tt<b M >®fc£T* TSAfiJStt 

o© glutamine-rich M'f >©9*><OC ^fflijco M-f>i: DNA M -f > 

fc^i&bfc (Dennig J et al. (1996). EMBO J., 15, 5659-5667; Majello B et 
al. (1997). J. Biol. Chem., 272, 4021-4026) o 
£fc> H3Cj5*-f «fc-5fc^ Sp3 (1-398)0 N3tiM«il/<tt C'Mfl^ 6^ 
GAL4-Sp3 (241-398)** «t IF GAL4-Sp3 (l-80)fci3Vvt TSAWSltC 
<££i§g#r8£b£ 0 i*i6©IS**»6x Sp3 (81-160) #TSA 

»#t»Kk#*e»nfc^ GAM-sp3(8l-l60)(3!)«l7ftt^s^4H:a^:^^fK»e»i^ 

ttfritzo GAL4-Sp3 (241-398)43*0* GAL4-Sp3 (l--80)fc*5S£& glutamine-ri 
ch M -f e,, TSAtcfc S4E?R*£U: Sp3 cofe¥tS^<b M <f > 

© 2 oco glutamine-rich M-f >©-5 VJ>ft-< £ fclvf tlif—ISiftfftEt&Z. 
tW&%.-Z$>Z>z.£&m£titzo £tz. Sp3(D80-160©gP^(c{iTSAfiMt3j: 

\.-$mm\\ YXi-y r*#7^ 7Sp3 

£ <p Sp3 # p21/WAFl/Cipl CO Spl ^ie^JS^r-f S TSA <Z>£^R$lcfg|& 
lzM5-TZfr^tefrZ®mtZ>m'C\ KTOttfc M-f>**SfeU DNA^ 
M-f>cr>^£*>oSp3 £g#(DNS P 3) (7> y®399~653)£ P CMV3. 1-His-C 
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(Invitrogen)fcffl*&A,£ pCMV-DNS P 3 fcflsgfcUfco *fBB fc LTfcfc PCMV3.1 
Hfc. b*-*-T77* KCttUHKrCH^tfepZl/WAFl/CipirDt-^-, 
TSA fcflHSM*© p21/WAFl/Cipl l'>7n ; E-^-$^n?n;i/->7 17— 
*©±ffifc»ALfcpWHPi5J:tfpWdel-BstXK 3xSpl *££iE?'J. 

3xSpi «e^s5ii* j en j pn;i/'>7 x7— B»e^©±att#ALfc spi-iuc *«t 

tfmtSpl-luc £ffl^fc(Nakano K et al. (1997). J. Biol. Chem., 272, 22199- 
22206. Sowa Y et al. (1997). Biochem. Biophys. Res. Com., 241, 142-150) o 
Zti <b (OMBttlMt mWz Y 7 7 x f? >s a > £ £ r> 9KM«R$ #T x 

-£©*£3I, DNSp3 (C J; 0 TSA fc«k S p21/WAFl/Cipl ©te^»#tt^H9t»iei*il % 
dixfcfc Spl fg£E*l3c£fr TSAfe#t$© p21/WAFl/Cipl rDt-^-©i'>#ti 
(e¥^^J;>)+16~-101)*^opWPdel-BstXlT**)fii^^nfc(g|4a, b). * 
rj>-fe Spl<6^ffiW^e>©TSAt<l:S»s¥R#**«!t:««W 

£ftfc(m4c)o spi ts&£?y *fflv^fci:*fcttTSAt:j:s mwmm&& Z 

DNSp3 £ J; 5^S&a*e>ft£frofc(04d) o ^m©7*D^-*- 
TSA *)M*©**IE¥«ttK:^ LTtt DNSp3 tt»fWfffflft w 
ZUfrifzo W±©Cfc*»£, Sp3©IE¥iStt<bM^>#TSAtt#tx©p21/M 
Fl/Cipl ©!E¥»#t:fiB-(f*5c:i:*»i!86*>fc3B:ofco Sp3 (± TSA 5teW»«ft: 
tt«B*fcLTtt»T»^iSttLfr*fc&^tf, TSA#!l*i#tctt»e> < HDAC 

¥tsttft»3!afs*©k^«*nso 

fb¥^#lllt£ftTl^Sakai T. (1996). Jpn. J. Hyg., 50, 1036-1046) o 

Sikfc«tO«Mifl5fflft«»**J;-5k'rS*©"C*S. U*U p53#£<© 
t hSm(c45^T^^©^^-5(Sakai T. (1996). Jpn. J. Hyg., 50, 10 
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36-1046; Vogelstein B and Kinzler KW. (1992). Cell, 70, 523-526)&T\ 

HW»Htffl*^op21/WAFl/Ciplt±h l^«££^T£fltf&i:A,£$&;* 
tiT^ft^diifriMChedid M et al. (1994). Oncogene, 9, 3021-3024; Li YJ 
et al. (1995). Oncogene, 10, 599-601). ?«ii:J;oTW(ffflSI 
fttZZttfT'ZZo ^BJlC^Tt* h>T-fe^;Wb£^LT p53 3M*#i$ 

tw P 2i/wAFi/cipi (D&%mm&&zt&m&tt?zz.£tp%^iii$ntz&. z 
titt p53 lxi * zrnzn lt «£9m<b¥£*& s ^mmmmit^ 
mwajmx'&z z t ut v> s<, hdac i ^© ^nm t lt%x. 

ftSj^ HBRtz, al 1 -trans- J j >^i£Jnt4©&& 6 lfo#I< acute promyeloc 
ytic leukemia)f«U KWmmMT'fr*)??* ^ 7 (thalassemia) ^7>^~ 
7'jif!Jlfil# (hyperammonemic states) Oft&kzm^htiX^tz? =-—fr&WLi- 
h'J^A (sodium phenylbutyrate) #all-trans-l^y >f >Kfcfifffl1-5dfc 
££Q%±fem$-£ZZtti s m.lsbt>nTU2>(Wa.rre\ RP Jr et al. (1998). J. 
Natl. Cancer Inst., 90, 1621-1625) 0 Cft£>©*SJSttS?S*lK: iSttS 1 ooS 
i: U T HDAC © qjffett § £ * ©T*& & . 

mmsmmm 

*&BJ§K<fc HDAC £fSiJ*SJ-f£ Sp3 ifimft&lz jsVZmtcl&MttOftTt.te >) 
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SEQUENCE LISTING 

<110> CHUGAI RESEARCH INSTITUTE FOR MOLECULAR MEDICINE, INC. 

<120> Methods for screening anti-tumor agents 

<130> C2-101PCT 

<140> 
<141> 

<150> JP 1999-77350 
<151> 1999-03-23 

<160> 18 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized oligonucleotide sequence 



WO 00/56917 



2/9 



PCT/JP00/01778 



<400> 1 

cgggtcccgc ctcctt 

<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized oligonucleotide sequence 

<400> 2 

agctcgggtc ccgcctcctt 

<210> 3 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:, an artificially 
synthesized oligonucleotide sequence 



<400> 3 
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PCT/JP00/01778 



3/9 



tcgaaaggag gcgggacccg 



20 



<210> 4 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 



<210> 5 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 



<400> 



4 



acaggtgagc ttga 



14 



<400> 5 

tcagaagcca ttgcc 



15 
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<210> 6 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 

<400> 6 

ccaaaaaaga agagaaaggt aacccggcgg 

<210> 7 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 

<400> 7 

gaagcatgca cctgc 

<210> 8 
<211> 23 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 

<400> 8 

cgggatccat tccaagtgct get 23 

<210> 9 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 

<400> 9 

ataggatcct tactccattg tctcatttcc 30 

<210> 10 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 

<400> 10 

cgggatccaa ctctatagat tctgct 

<210> 11 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 

<400> 11 

gcggatccca ctgtaactgt ttgtag 

<210> 12 
<211> 28 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 

<400> 12 

cgggatccgg ctctaatcaa accttact 28 

<210> 13 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 

<400> 13 

cgggatccgg cattaatgcc gacggaca 28 

<210> 14 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 
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<400> 14 

cgggatccca gggaaattat atccagtc 28 

<210> 15 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 

<400> 15 

cgggatccag gaatgatctg aatttgac 28 

<210> 16 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 



<400> 16 



WO 00/56917 
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cgggatcctg cagtcattgt ctgagaac 28 

<210> 17 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 

<400> 17 

cgggatccaa gatctgaaga atgaacct 28 

<210> 18 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 



<400> 18 

cgggatccaa aggttccagg attcagct 



28 
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